Abstract: The possibility of increasing the efficiency of banana transformation was investigated by particle bombardment of the male flowers of banana plants for constitutive expression of gfp gene. The effects of particle bombardment parameters, such as acceleration pressure, bombardment distance, chamber vacuum pressure, gold microcarrier size, gold quantity, DNA quantity, number of bombardments and pre-culture were examined. Single cauliflower-like bodies (CLBs) clusters, induced from meristemic parts of Musa sapientum cv. Nangka (AAB) male flowers, were bombarded by pCambia1304 plasmid carrying gfp gene driven by the CaMV 35S promoter. Optimal transient expression of green-fluorescent protein (GFP) was obtained when the three-day old cultured tissues were bombarded two times at 1100 psi helium pressure. However, the highest GFP expression was observed when 9 cm was applied as bombardment distance with 28 mmHg chamber vacuum pressure. Gold particle with 1 µm diameter at 60 µg/µL concentrations coated with 1.5 µg/µL of DNA have been used as the optimum bombardment parameter since GFP expression was significantly different compared to other conditions. Application of optimized condition proved effective for the generation of stable transgenic banana plants. PCR and southern blot analyses confirmed the presence and integration of gfp gene in genomic DNA of transformed plants. Transformation frequency achieved with the optimized protocol was 7.5% which was significantly higher than the conventional protocol.
Introduction
Banana and plantain (Musa spp.) are one of the major crops in the world and provide a staple source of starch and income to millions of people worldwide (Kalendar et al. 1999; Heslop-Harrison & Schwarzacher 2007) . Considering the limitations of conventional breeding in banana and plantain, such as low reproductive fertility, triploidy, slow propagation, lack of cross-fertile wild relatives, and sterility of the male and female flowers of most edible banana and plantain, using transgenic approaches to improve these crops is therefore convincing (Becker & Dale 2004; Tripathi et al. 2008) .
The use of embryogenic cell suspension as a target tissue for genetic transformation via particle bombardment is now common and it is used in most transformation protocols (Becker et al. 2000) . However, establishing cell suspension is a lengthy process and cultivar dependent (Tripathi et al. 2008) . The protocol involved in using shoot tips as meristemic target tissues for gene transformation has been established for various cultivars of Musa (Tripathi 2005; Tripathi et al. 2005; Sreeramanan et al. 2006b; Maziah et al. 2007 ). This technique is applicable to a wide range of Musa cultivars, irrespective of ploidy or genotype (Tripathi 2003 (Tripathi , 2005 Tripathi et al. 2005) . The application of meristemic tissues has several advantages over the embryogenic cell suspension; these include a rapid transformation of Musa species and easy regeneration plants from different cultivars, unlike somatic embryogenesis which is limited to only a few cultivars (Tripathi et al. 2008 ). The present study exploits the capacity of the male flowers of banana to develop banana and plantain transformation protocol via particle bombardment.
Material and methods

Plant material and provision for bombardment
The male flowers of Musa sapientum cv. Nangka (AAB) were cultured on a semi-solid Murashige and Skoog (MS) medium that was supplemented with 8 mg/L of 6-benzylaminopurine (BAP) to produce cauliflower-like bodies (CLBs) clusters (Mahdavi et al. 2009 ). The single 'CLBs' clusters of Pisang Nangka were arranged in the centre of a Petri dish (approximately 2 cm in diameter) containing MS medium for bombardment.
Plasmid construct
The plasmid pCambia 1304 (Legacy pCAMBIA Vector Kit, Cambia Labs) which contains the gfp and the hpt II gene, both driven by CAMV35S promoter was used in all experiments ( Fig. 1 ).
DNA precipitation and particle bombardment
Gold particles were coated with plasmid DNA following the manufacturer instructions (Bio-Rad Laboratories, Richmond, CA, USA). Five µL of plasmid DNA (concentration 1 µg/µL), 50 µL of CaCl2 (2.5 M) and 20 µL of spermidine (0.1 M) were added one by one into an aliquot of 50 µL of gold particles (concentration 60 mg/mL) to prepare the standard precipitation mixture. The mixture was vortexed and the supernatant discarded. The particles were then washed with 250 µL of absolute ethanol and finally re-suspended in 60 µL of absolute ethanol. Ten µL of the DNA/gold ethanol solution was loaded onto the centre of the macrocarrier for each bombardment. The standard biolistic transformation was carried out using the PDS-1000/He Biolistic Particle Delivery System (Bio-Rad Laboratories). The ranges of variation from the standard condition are listed in Table 1 . Bombardment parameters were tested independently, while maintaining other conditions as in the standard procedure.
Selection and plant regeneration procedure Bombarded tissue samples were cultured on the semi-solid MS medium containing 8 mg/L of BAP without any antibiotic for two weeks to recover. They were transferred to selective semi-solid MS medium containing 40 mg/L hygromycin B for eight weeks. The survived explants were sub-cultured every two weeks, on the same medium for four cycles. The hygromycin-resistant CLBs clusters were cultured to the MS medium that was supplemented with 3 mg/L of BAP for plant regeneration.
PCR analysis
PCR was carried out to determine the presence of gfp gene sequence. Genomic DNA was extracted from fresh leaves of transgenic and non-transgenic (control) plants using the method by Dellaporta et al. (1983) . The gfp gene was amplified with its specific primers GFP-F (5' TTGAC CATGGTAGATCTGACTAG 3'), GFP-R (5' GTAAAC TAGCTTTGTATAGTTCAT 3') to produce 700-bp gfp fragment. PCR was performed in a 25 µL reaction mixture containing 10 ng of genomic DNA, 0.2 µM of each primer and 12.5 µL of BIO-X-ACT Long Mix (Bioline) which comprises high fidelity-Taq, MgCl2 and dNTP. Amplification of the gfp gene was performed under the following conditions: initial incubation at 94 
Southern blot analysis
Southern blot analysis was carried out according to Sambrook & Russell (2001) . Ten µg of the genomic DNA of both the transformed (from PCR positive transformants) and the non-transformed plants were digested with NcoI and KpnI and separated by electrophoresis on 1% agarose gel. After gel denaturation and neutralization, DNA was transferred to nylon membrane (BioBond TM Nylon transfer membrane prepared by Sigma-Aldrich) via capillary system. The probe, the full-length of gfp gene (700 bp) released from pCambia1304 plasmid by NcoI/KpnI digests, was labelled with digoxigenin-dUTP, alkali-labile, using the DIG DNA Labelling and Detection Kit (Roche). For hybridization, the membrane was incubated in hybridization buffer containing 5X SSC (3 M sodium chloride and 0.3 M sodium citrate, pH adjusted to 7.0), blocking solution 10%, N-lauryl sarcosine 0.1%, and sodium dodecyl sulphate (SDS) 0.02% at 68
• C. After hybridization, membrane was washed by increasing stringency beginning with 2X SSC and 0.1% SDS, followed by 0.1X SSC and 0.1% SDS. Then the membrane was rinsed by washing buffer (maleic acid 0.1 M + NaCl 0.15 M, pH = 7.5) plus Tween 3%. The non-specific regions were blocked with blocking buffer and the membrane was transferred to a glass plate, shaken with antibody solution (1:5000 anti-dig, prepared in DIG kit) and blocking buffer 0.5% in washing buffer for 45 min. This was followed by 2X 15 min in 20 mL washing buffer containing Tween 3% and 5 min balancing in 20 mL detection buffer (Tris-HCL 0.1 M, NaCl 0.1 M and MgCl2 50 mM, pH = 9.5). Four hundred µL of NBT/BCIP was added to 20 mL of detection buffer in dark condition. After blot appeared, the membrane was rinsed with distilled water and allowed to air dried.
Data analysis
Samples in an experiment were completely randomized with four replications. All data were analysed using the one-way ANOVA, while the Duncan's multiple range test (Duncan 1995) was used for dissociation of means. All the statistical analyses were performed at 5% level using SAS 9.1 
Results and discussion
Effect of acceleration pressure
The explants CLB's were bombarded with five different acceleration pressure (650, 900, 1100, 1350, 1550 psi). A significant difference in GFP expression was observed between 1100 psi and other pressures (Fig. 2) . The highest average number of transient GFP expression, which is 129 spots, was obtained at 1100 psi pressure in bombarded single 'CLBs' clusters. Followed by the highest, 90 and 80 spots have been seen at 1350 psi and 900 psi pressures, respectively. Whilst, the average numbers of the GFP expression spots significantly decreased in 650 and 1550 psi pressures, as illustrated in Figure 2 . Apart from the obvious effect on depth of penetration, particle acceleration also has an important influence on the distribution of particles. With regard to GFP expression pattern in different acceleration pressure, 1100 psi pressure resulted in larger areas being covered by particles than other pressures. The explants which were bombarded without any DNA on the macrocarrier did not show any transient GFP gene expression.
According to Sreeramanan et al. (2006a) , the highest transient GFP gene expression in banana single bud was monitored in the 1100 psi helium pressure. Tadesse et al. (2003) studied the conditions which affect the production of transient sorghum (Sorghum bicolour) via particle bombardment, and found that 1100 and 1350 psi helium pressures showed the highest transient gene expressions in shoot tips as the target tissues.
Single 'CLBs' clusters, which were bombarded at 1350 and 1550 psi pressures, were damaged, turned black and their responses to regeneration decreased significantly compared to other applied pressures. Comparable results have been shown in sorghum transformation (Tadesse et al. 2003) . Tadess et al. (2003) reported that explants bombarded at 1300 and 1550 psi pressures were severe damaged, with significantly decreased callus formation and somatic embryogenesis, respectively. It was also found that the shoot tips were more sensitive at the above pressures compared to immature embryos, as shown by the systematically lower frequency of callus formation and somatic embryogenesis. In this study, the highest GFP expression was at 1100 psi helium pressure, as it was the optimal pressure for most plant transformations (Tadesse et al. 2003; Khalafalla et al. 2005; Sreeramanan et al. 2006a) . Similarly, the microscopic analysis of the maize target tissues also showed that 1100 psi helium pressure was the optimum pressure for the transformation (Petrillo et al. 2008 ).
Effect of bombardment distance
Four adjustable distances between stopping screen and target plate (3, 6, 9 and 12 cm) were embedded in the PDS-1000/He particle bombardment that influenced the delivery of the particles into the target tissues. It was observed that the mean GFP expression score significantly increased by 60% when the target distance was increased from 3 to 9 cm. Conversely, the average number of the GFP expression spot was decreased by 36% when the target distance increasing from 9 to 12 cm (Fig. 3) .
A similar effect of the target distance was also described for the transient GFP expression in rice and banana (Saker et al. 2006; Sreeramanan et al. 2006a) . Here, the 9 cm distance was significantly (p < 0.05) better than the other distances in single 'CLBs' using the gfp gene expression. At 12 cm, the GFP expression level was reduced because of reduction of velocity of the microparticle with long flight distance. Thereby, the penetration force into target tissue was decreased while the number of cells receiving foreign DNA was subsequently decreased. Moreover, reduction of GFP expression at distances of 3 and 6 cm might be due to the increased velocity of the microparticle with short dis- tance, which further damaged the target tissue significantly.
Effect of chamber vacuum pressure
As illustrated in Figure 4 , a significant difference (p < 0.05) in GFP expression was observed between 28 mmHg and other vacuum pressures. In low vacuum pressure the gold particles were not accelerated enough to reach the target tissue. However, it was found that the average number of the GFP expression decreased by 27%, when high vacuum pressure (≥ 29 mmHg) was used for the bombardment. The obtained results showed that reducing or increasing vacuum pressure below or higher than 28 mmHg had caused the reduction of the transient GFP expression in single 'CLBs' clusters and the DNA delivery was significantly more efficient at 28 mmHg.
As high vacuum pressure (≥ 29 mmHg) was used for the bombardment, the average number of the GFP expression decreased by 27% because this vacuum pressure caused the tissue to rapidly lose moisture and, therefore, reduced cell viability. This has been reported earlier as a disadvantage of using high vacuum pressure in particle bombardment (Janna et al. 2006) . During the transformation of wheat scutellum tissues, it was found that DNA delivery was only possible at 27 and 28 mmHg because lower vacuum pressures did not allow particles to reach the target tissue. Similarly, it was also observed that 28 mmHg was more efficient for wheat transformation (Rasco-Gaunt et al. 1999 ).
Effect of gold microcarrier size Different gold microcarrier sizes (0.6, 1.0 and 1.6 µm) were used to compare their efficiency in delivering DNA into the 'CLBs' clusters. It was observed that the intermediate size (1.0 µm) significantly gave the highest transient GFP expression level than the other sizes used (Fig. 5) .
This result is compatible with the results reported on genetic transformation of oil palm, orchids and ba- nana (Parveez et al. 1997; Janna et al. 2006; Sreeramanan et al. 2006a) . Using a smaller gold microcarrier may have some advantages than larger ones as it has been found to minimize tissue damage during bombardment. However, this still depends on the type of explants used as it is believed that the delivery of foreign gene into 'CLBs' clusters is difficult to achieve compared to callus. During the transformation of embryogenic callus of soybean, Khalafalla et al. (2005) reported that utilizing 0.6 µm of gold microcarrier gave the highest level of GFP expression compared to other sizes used. On the other hand, a superficial dimension and weight of the large microcarrier size (1.6 µm) are about 1.7 and 19 times of the smaller microcarrier size (0.6 µm). Thus, it may cause severe damage during their penetration into cells or tissues.
Effect of gold particle quantity
The amount of the gold particles used for bombardment was also optimized, as its low or high concentration would influence the efficiency of the DNA delivery into the target tissues. Meanwhile, different amounts of gold particle (ranging from 15 to 120 µg/µL) were used per bombardment. There was a significant drop in the GFP expression using a lower amount of gold particle. The GFP expression was found to increase by 85% and 37% at 60 µg/µL, also 84% and 36% at 90 µg/µL, respectively, compared to 15 and 30 µg/µL of gold particle. It was found that there was no significant difference between 60 and 90 µg/µL of gold particle. Nonetheless, 60 µg/µL of gold particle was used for further experiments.
A compatible result was also observed by RascoGaunt et al. (1999) when the researchers optimised the parameters for the DNA delivery into wheat using particle bombardment. They also reported that using 59 µg/µL of the gold particle was optimum for DNA transfer into wheat. The GFP expression decreased in lower amount because the amount was not sufficient to completely load the DNA used for bombardment. Thus, the DNA delivery into the 'CLBs' cluster was significantly decreased. On the other hand, using a high amount of the gold particles was found to damage the target tissues and thus decrease the GFP transient expression.
Effect of DNA quantity
There was no significant (p < 0.05) difference in terms of the level of the GFP expression when 1 and 1.5 µg/µL of DNA plasmid concentrations were used (Fig. 6) . However, the highest transient GFP expression (128 spots) appeared to be at 1.5 µg/µL of DNA per bombardment. At the low concentration of DNA (0.5 µg/µL), the GFP expression was found to significantly decrease by 62.5% compared to 1.5 µg/µL of DNA. Besides, increasing the concentration of DNA more than the appropriate concentration (1.5 µg/µL) had no significant effect.
Similar observations have been reported for banana (Sreeramanan et al. 2006a) , soybean (Khalafalla et al. 2005) , orchid (Janna et al. 2001) and Oncidium (Yee et al. 2008 ). However, Rasco-Gaunt et al. (1999) found no significant change in the transient expression of the reporter gene when the amount of DNA was increased from 2.5 to 20 µg/µL for wheat transformation. Obviously, the transient GFP expression decreased in lower concentrations of DNA due to insufficient DNAmicrocarrier binding. In addition, it was also reduced in higher concentrations of DNA, and could possibly be due to the poor efficiency of cell penetration and cell injury (Khalafalla et al. 2005; Sreeramanan et al. 2006a) .
Number of bombardment effect
In two times bombardment, the GFP expression increased by 33% and 51% in comparison with one and three times of bombardment, respectively. In particular, two times of bombardment showed an increase in the transient GFP expression in the tissues (CLBs clusters) as compared to one or three times.
In similar reports, double bombardment has been shown to increase the transient reporter genes expression in banana (Sreeramanan et al. 2006a) , orchid (Janna et al. 2005) , maize (Petrillo et al. 2008) , soybean (Khalafalla et al. 2005 ) and cassava (Schopfer et al. 1997; Zhang et al. 2000) . On the contrary to other reports, Rasco-Gaunt et al. (1997) and Janna et al. (2001) did not observe any significant difference between single and multiple bombardments (2 or 3 times) in their wheat and Dendrobium sonia protocorm-like body transformation studies.
Alternatively, the rapid penetration of the gold microcarriers into the target tissues could be due to the multiple bombardments which tended to create mechanical injuries to the tissues (Hunold et al. 1994) . Therefore, by increasing the number of bombardments, the injuries capacity of the targets would be increased. As a result, the number of surviving cells capable of expressing the gene would be decreased. As in this study, the GFP transient expression decreased by 51% with the increase in the number of bombardments to three times.
Pre-culture effect
Choosing the right time of cell division development stage is important for bombarding the target tissue, because dividing cells are the most receptive for insertion of foreign DNA delivered via particle bombardment (Christou 1995) .
The highest transient GFP expression was observed in tissues which were cultured three days prior to the bombardment. This could probably happen because of cells preference, i.e. whether they were concentrated on division or getting bigger. Similarly, it was derived in this study that an increase in the transient expression of the reporter gene was obtained three days after the sub-culture in sorghum and banana (Able et al. 2001; Sreeramanan et al. 2006a ).
Selection of stable transformation under optimized bombardment conditions
The bombarded single 'CLBs' clusters under optimum conditions were selected on the MS medium consisting 8 mg/L of BAP containing 40 mg/L hygromycin, during a period of eight weeks. The control explants did not respond to regeneration under the selection condition and died after two months. Out of 120 bombarded single 'CLBs' cluster, nine have survived showing transformation efficiency of 7.5%.
So far, several studies have been carried out on the transient expression of GFP to enhance the efficiency of transformation in plants. They include studies on sugar, soybean and banana (Elliott et al. 1999; Khalafalla et al. 2005; Sreeramanan et al. 2006a ). Although Elliott et al (1999) reported screening of transformed sugar cane callus cluster by only a visual selection of GFP, the researchers mentioned that this caused more laborious work compared to combining visual and an- Fig. 7 . PCR analysis of gfp gene in transgenic banana plantlets selected on hygromycin. M: DNA marker 1 Kb; P: plasmid; C: untransformed sample (control); N: non-template sample; lanes 1-9: putative transformed plantlets showing the amplified 701 bp gfp gene. Fig. 8 . Southern blot analysis of gfp gene integration pattern in transgenic banana plantlet. Digested genomic DNA with NcoI/kpnI using PCR amplified gfp gene (700 bp) as probe. P: transforming plasmid pCambia 1304; C: untransformed control plantlet; lanes 1-9: genomic of putative transformed plantlets. tibiotic selection. However, an escape frequency of 1.6% was observed using GFP and paromomycin selection in wheat white it was 3.3% using only GFP selection under the same physical bombardment condition (Jordan 2000) . In this study, GFP fluorescence and hygromycin were used to increase the investigation on the optimum physical and biological conditions in protocol optimization for the transformation of banana.
PCR and southern blot analysis
The PCR analysis was carried out to confirm the presence of gfp gene in putatively transformed plants. Nine samples examined were successfully amplified and the expected band size of 700-bp for the gfp gene was observed (Fig. 7) . However, no band was observed from the non-transformed sample (Fig. 7, lane 1) . Southern blot analysis was performed to assess the integration of gfp gene in the genomic DNA of transformants. NcoI/KpnI digestion of the transformation plasmid pCambia1304 released a 700-bp gfp gene fragment as expected. The exact 700-bp gfp gene was observed in nine events suggesting the intactness of the gfp gene cassette in the transgenic regenerated banana plants. In addition, there was no copy of transgene in the control (non-transformed) plant (Fig. 8) . The results obtained indicated a successful transformation of gfp gene into the banana genome via particle bombardment.
Conclusion
This study provides an efficient particle bombardmentmediated transformation system for gene delivery into banana and plantain using the male flowers as target tissue. Optimization of particle bombardment parameters affecting transient GFP gene expression in banana male flowers has been carried out successfully. The bombarded tissues were able to regenerate. Hence, the male flowers can be an alternative and effective target tissue in banana gene transformation using the particle bombardment.
